Tens of thousands of people are being exposed daily to environmental low-dose gamma radiation.
INTRODUCTION
Exposure to ionizing radiation is omnipresent. We are constantly exposed to cosmic radiation and to gamma-rays from naturally occurring radionuclides in the ground and building materials, food and drink. 1 In addition, accidental nuclear scenarios lead to environmental contamination of unknown level. Tens of thousands of people including children are living in polluted areas and being exposed daily to low-dose gamma radiation. Most epidemiological studies concerning radiation-induced health effects are being conducted in medically or occupationally exposed populations and very little is known about the consequences of the environmental radiation. 1 Classically, liver has been considered as one of the radiation sensitive organs. 2 Several studies using acute high doses of radiation (> 10 Gy) have shown clear structural damage and hepatic toxicity in this organ. 3, 4 Most of these data originate from locally irradiated liver tumor patients. 3 In accordance, animal studies using single high (25 Gy) and cumulative fractionated doses (total dose of 60 Gy) have indicated macroscopically detectable scarring and changes in liver function caused by deregulation of metabolic enzymes. 5 Ionizing radiation has been shown to increase the inflammatory status of the liver. 6 Inflammatory environment promotes the development of various liver diseases such as hepatitis but also that of hepatocellular carcinoma. 7 Interestingly, the recent data of atomic bomb survivors that received only moderate to low radiation doses show significantly increased mortality due to liver cancer in this cohort. 8 The liver is the metabolic center of the body; major metabolic activities and detoxification are performed by liver mitochondria via metabolic pathways such as lipid metabolism and TCA cycle. The early postnatal period plays a pivotal role in structural and functional development of this organ with far-reaching consequences throughout the life time; 9 it has been suggested that non-alcoholic fatty liver may have roots in the neonatal period. 10 For hepatocytes, the main cellular components of the liver, the neonatal period means a time of adaptation to the new metabolic environment, mainly due to a switch in energy substrate preference from glucose in the fetal period to fatty acids following 5
For early effect studies the male NMRI mice (Charles River) were exposed to single acute dose of total body irradiation (TBI) at PND 10 using a Cs-137 gamma radiation source (dose rate 0.2 Gy/min) delivering doses of 0.05, 0.1, 0.5 and 1.0 Gy (The Rudbeck Laboratory, Uppsala University). For late effects the mice were exposed to a single acute dose of TBI at PND 10 using a Co-60 gamma radiation source (dose rate 0.02 Gy/min) delivering doses of 0.02, 0.1, 0.5 and 1.0 Gy (The Svedberg Laboratory, Uppsala University). An ionization chamber (Markus chamber type 23343.PTW-Freiburg) was used to validate the radiation exposure as described previously. 18 Control mice were shamirradiated and the dose was validated as mentioned above. Control and irradiated animals were sacrificed at the age of 11 days or 7 months via cervical dislocation. Livers were excised, thoroughly rinsed in phosphate-buffered saline to remove blood, snap-frozen and stored at -80°C. In total, 60 mice were used for this study.
Isolation and extraction of whole liver proteome
Whole frozen livers were powdered in liquid nitrogen using a cooled mortar and pestle. The tissue powder was resuspended in ICPL lysis buffer containing 6 M guanidine hydrochloride (SERVA) with protease and phosphatase inhibitor cocktails (Roche Diagnostics). The lysates were stored at -20° C until analysis.
Proteomic analysis

Protein quantification and labeling
The protein concentration in the tissue lysates was determined by Bradford assay following the manufacturer's instructions (Thermo Fisher).
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The ICPL labeling was done as previously reported. 16 Briefly, individual protein lysates (100 µg in 100 µl of 6 M guanidine hydrochloride from each biological sample) were reduced, alkylated and labeled with the respective ICPL-reagent (SERVA) as follows: ICPL-0 was used for sham-irradiated control tissue and ICPL-6 for corresponding irradiated tissue. The heavy and light labeled replicates were 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 6 combined prior to separation using 12 % SDS gel electrophoresis and staining with colloidal Coomassie Blue solution. Three biological replicates per dose and time point were analyzed in all experiments.
LC-ESI-MS/MS analysis
After staining each SDS gel lane was cut in four equal slices and subjected to in-gel digestion with trypsin (Sigma Aldrich) as described previously. 20 The generated peptides were separated by nano-HPLC and mass spectrometric analysis was performed with an LTQ Orbitrap XL mass spectrometer (Thermo Scientific) as described before. 21 Up to ten most intense ions were selected for fragmentation in the linear ion trap and target peptides already selected for MS/MS were dynamically excluded for 60 seconds.
The MS/MS spectra were searched against the Ensembl mouse database (Version: 2.4, 56416 sequences) using the MASCOT search engine (version 2.3.02; Matrix Science) with the following parameters: a precursor mass error tolerance of 10 ppm and a fragment tolerance of 0.6 Da. One missed cleavage was allowed. Carbamidomethylation was set as the fixed modification. Oxidized methionine and ICPL-0 and ICPL-6 for lysine residues and N-termini of peptides were set as the variable modifications.
Data processing for the identification and quantitation of ICPL-duplex labeled proteins was performed using Proteome Discoverer version 1.3.0.339 (Thermo Scientific). The MASCOT node uses the ions score for an MS/MS match. MASCOT Percolator node uses algorithm to discriminate correct from incorrect peptide spectrum matches and calculates accurate statistics, such as the q-value (FDR) and posterior error probability (PEP), to improve the number of confidently identified peptides at a given false discovery rate. 22 It also assigns a statistically meaningful q-value to each PSM and the probability of the individual PSM being incorrect. The peptides passing the filter settings were grouped to the identified proteins. The proteins identified by at least 2 unique "high confidence"
identified peptides in two out of three replicates were considered for further quantification. The 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   7 proteins identified by at least two unique peptides in two out of three biological replicates, and quantified with an H/L variability of less than 30%, were considered for further evaluation. Proteins identified with a single peptide were manually scrutinized and regarded as unequivocally identified if they fulfilled the following four criteria: (a) they had fragmentation spectra with a long, nearly complete y-and/or b-series; (b) all lysines were modified; (c) the numbers of lysines predicted from the mass difference of the labeled pair had to match the number of lysines in the given sequence from the search query and (d) at least one mass of a modified lysine was included in the detected partial fragment series. 23 Proteins with ratios of H/L label greater than 1.30-fold or less than 0.769-fold, and having peptide q value less than 0.01 in the Percolator high confidence peptide filter, were defined as being significantly differentially expressed.
Data deposition of proteomics experiments
The MSF files of the obtained after analyzing MS/MS spectra in Proteome Discoverer can be found under http://storedb.org/project_details.php?projectid=39.
Bioinformatics analysis
The analyses of protein-protein interaction and signaling networks were performed with two 
Immunoblotting analysis
Immunoblotting of protein extracts from control and irradiated tissues was used to validate the proteomic data. For nuclear fraction enrichment immunoblotting was also used. Proteins were separated by 1-D PAGE gel electrophoresis and transferred to nitrocellulose membranes (GE Healthcare) using a TE 77 semidry blotting system (GE Healthcare) at 0.8 mA/cm for 1 h. Membranes anti-PCNA (PC10, for nuclear fraction) (SantaCruz # sc56) and anti-GAPDH (SantaCruz # sc-47724) (for nuclear fraction).
After washing three times in TBS/T, blots were incubated for one hour at room temperature with horseradish peroxidise-conjugated anti-mouse or anti-rabbit secondary antibody (Santa Cruz Biotechnology) in blocking buffer (TBS/T with 5% w/v advance blocking reagent). Immuno-detection was performed with ECL advance Western blotting detection kit (GE Healthcare). The protein bands were quantified using the total lab (TL) 100 software by integrating all pixel values in the band area after background correction. Tubulin alpha (GeneTex # GTX72360) was used for normalization as it was not significantly changed in proteomics analysis of early 1.0 Gy dose.
Pyruvate dehydrogenase activity assay
Pyruvate dehydrogenase (PDH) activity was measured using the dipstick assay kit in the control, 0.05, 0.1, 0.5 and 1.0 Gy treated liver samples from PND 11. The assay was performed following manufacturer's guidelines (Abcam # ab109882). The band intensities were quantified by using the total lab (TL) 100 software.
PPAR alpha transcription factor activity assay
Nuclear fractions from three biological replicates of control, 0.02, 0.1, 0.5 and 1.0 Gy irradiated livers after 7 months post-irradiation were extracted using NE-PER Nuclear and Cytoplasmic Extraction Kit (Thermo Scientific # 78833) and the protein concentrations in the nuclear fractions were determined by Bradford assay following the manufacturer's instructions (Thermo Fisher) 19 . Equal amounts of protein from control and irradiated samples were added on immobilized dsDNA sequence coated plates containing the peroxisome proliferator response element (PPRE). PPAR alpha was detected by addition of specific primary antibody directed against PPAR alpha. After adding the secondary 
Serum FFA and TG analysis
Serum of the animals 7 months post-irradiation was collected immediately after sacrifice and stored at -80° C for free fatty acid (FFA) and triglyceride (TG) quantification. Control, 0.02, 0.1, 0.5 and 1.0
Gy irradiated serum samples were analyzed. The quantification was done using BioVision colorimetric assay kits (TG cat no. # K622-100 and FFA cat no. # K612-100).
Statistical analysis
Statistical analysis was performed using Graph Pad Prism (release 4). Immunoblotting results were evaluated using unpaired Student´s t-test. Data were presented as means + standard deviation (SD) or standard error of the mean (SEM). P-values equal to or smaller than 0.05 were considered to denote statistical significance. Three biological replicates were used for all experiments.
RESULTS
Proteomics analysis
The total number of all identified and significantly deregulated proteins in each group are shown in Table 1 . In the early (1 day) group the proteomic alterations showed dose dependency, the number of differentially regulated proteins being smallest at the lowest dose (0.05 Gy) and greatest at the highest dose (1.0 Gy) (Figure 1 A) . On the contrary, in the late-effect group (7 months) the highest number of deregulated proteins was observed at the dose of 0.1 Gy (Figure 1 B) .
The immediate radiation effect on the liver proteome indicated that the three highest doses i. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1A). Many of the shared proteins belonged to the glycolytic pathway such as dihydrolipoamide Sacetyltransferase (DLAT), aldolase A (ALDO-A), and carnitine acetyltransferase (CRAT); all of these were down-regulated. Two shared proteins were components of the mitochondrial respiratory chain complex I (NDUFV-3, NDUFV-7); both of these were down-regulated (Supplementary Table S1 ).
The major protein category representing the late proteome alterations was the inflammatory response, with proteins such as plasminogen and fibrinogens (FGG, FGB) being up-regulated.
Proteins of the beta oxidation process were also significantly affected, with enzymes such as ACAA1A
(down-regulated), and ALDH-1 (up-regulated) (Supplementary Table S2 ).
At both time points the common affected process was translation; proteins such as CAPRIN-1, HNRNPK, and DDX-5 were found to be commonly up-regulated. We observed persistent alterations in the liver structural proteins at the two highest doses at both time points. Structural proteins such as desmin, tropomyosin-1, and decorin were found to be down-regulated (Supplementary Tables   S1c, d and S2c, d). The complete lists of significantly deregulated proteins and all identified and quantified peptides are shown in the Tables S1-S4.
Bioinformatics analysis
We analyzed the protein networks after the exposure to 1.0 Gy using the STRING software tool (Supplementary Figure S4) . Both early and late time points showed an effect on the translation process. After one day of exposure, the most affected protein networks were "lipid metabolism", "mitochondrial electron transport" and "structural proteins" (Supplementary Figure S4) . The longterm effects at 7 months showed alterations in "detoxification", "catalytic proteins" and "inflammation" (Supplementary Figure S4) . The STRING analysis confirmed the results of the IPA analysis.
To study protein networks involved in the radiation response we used the Ingenuity pathway Analysis (IPA) software tool ( Supplementary Figures S5-S12 ). The analysis showed that the most important protein clusters at the lowest doses were "hepatic system disease" (0.05 Gy, early 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 11 response) (Supplementary Figure S5) and "cellular assembly and organization" (0.02 Gy, long-term response) (Supplementary Figure S9) . At higher doses (0.5 Gy, 1.0 Gy) "lipid metabolism" and "energy production" were the most significant networks both at early and late time points Table S1d ). In the long-term effects the proteins belonging to the group "inflammatory responses" was significantly presented
(Supplementary Figures S11 and S12 ). The transcription factor PPAR alpha was predicted to be downregulated due to the deregulation of downstream targets such as hemopexin, fibrinogens beta and gamma, catalase and CYP2C8 at the three highest doses (0.1, 0.5, 1.0 Gy) ( Figure 2 ).
Immunoblotting analysis
Western blotting analysis was done to validate the proteomics data. Both desmin and tropomyosin-1 showed significant down-regulation at PND11 (1.0 Gy) ( Figure 3 and Supplementary Figure S1 ) which was in good agreement with our proteomics data. The enrichment of nuclear fraction from irradiated live tissue was confirmed also using immunoblotting (Supplementary Figure S2) .
Pyruvate dehydrogenase assay
In order to verify the down-regulation of the pyruvate complex and pyruvate kinase (PDK) that was indicated in the proteome changes at the early time point, we tested the activity of pyruvate dehydrogenase one day after the radiation exposure. It showed significant reduction by more than two-fold at 0.5 and 1.0 Gy but not at lower doses ( Figure 4 and Supplementary Figure S3 ). This supported our proteomics data showing the significantly decreased expression of several pyruvate dehydrogenase subunits and pyruvate kinase at 0.5 and 1.0 Gy (Supplementary Tables S1c and S1d) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 12
PPAR alpha activity assay
To confirm the prediction of PPAR alpha inactivation by IPA software (Figure 2 ), the activity of PPAR alpha was measured from nuclear extracts at the late time point (7 months). A significant dosedependent decrease in the activity of this transcription factor was observed, starting from the dose of 0.1 Gy ( Figure 5A ).
Serum FFA and TG analysis
As PPAR alpha is well known to control the free fatty acid (FFA) and triglyceride (TG) homeostasis in serum, we measured the serum concentrations of FFA and TG in control, 0.02 Gy, 0.1Gy, 0.5 Gy and 1.0 Gy irradiated animals (7 months post-irradiation). The amount of FFA was found to be significantly elevated in the serum of irradiated mice at doses of 0.5 Gy and 1.0 Gy but not at lower doses. In contrast, the level of TG showed significant decrease at 0.5 Gy and 1.0Gy but not at lower doses ( Figure. 5B and 5C).
DISCUSSION
In this study, we have investigated early and late alterations in biological pathways triggered by low and moderate doses of total body ionizing radiation on the developing mouse liver. We show that doses as low as 0.1 Gy were able to inactivate PPAR alpha, a key regulator of hepatic fat oxidation, in a persistent manner.
Early radiation effects one day after irradiation
As an early radiation-induced metabolic consequence the expression of pyruvate kinase isozymes (PKM) and pyruvate dehydrogenase (PDH) were found significantly down-regulated at all doses (Supplementary Table S1 ). As PKMs catalyze the final step in the glycolytic pathway producing pyruvate and ATP in the presence of oxygen, their down-regulation would result in less energy production through glycolysis but also less pyruvate, the main substrate of the citric acid cycle.
Pyruvate does not act only as energy substrate but functions also as a scavenger of hydrogen Figure 4) . It has been shown previously that down-regulation of PDH in liver is associated with increased insulin sensitivity 27 , which may decrease metabolic flexibility of the liver, primarily between glucose and fatty acid oxidation. 28 We observed an immediate effect on the glycolytic pathway with many of its proteins (DLAT, ALDO-A, CRAT) being down-regulated. Also from early on, some enzymes of the lipid metabolism, such as peroxisomal acyl-coenzyme A oxidase 1 (ACOX1) and peroxisomal acyl-coenzyme A oxidase 2 (ACOX2) were found to be deregulated. ACOX1 showed radiation-induced down-regulation whereas ACOX2 was up-regulated. ACOX1 is the first and rate-limiting enzyme of the inducible peroxisomal beta-oxidation system 29, 30 Its gene expression is positively regulated by PPAR alpha 31 and shRNAmediated PPAR alpha gene knockdown in primary human hepatocytes decreased expression levels of Acox1 by more than 50%. 32 Mice lacking the Acox1 gene develop hepatocellular carcinomas in 100% of animals between 10 and 15 months due to constitutive overexpression of PPAR alpha.
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Some mitochondrial electron transport chain proteins, all belonging to the respiratory Complex I, were also found to be down-regulated (Supplementary Tables S1c and S1d ). In accordance with previous data 33 we found a decrease in the level of aconitase, a key enzyme in energy metabolism in mitochondria. As aconitase is a sensitive target of reactive oxygen species and its loss limits citric acid cycle activity and mitochondrial respiratory capacity in vivo 33 this may indicate an early mitochondrial dysfunction and increased production of reactive oxygen species (ROS). 34, 35 Data from animal studies indicate that neonatal liver mitochondria are very sensitive to oxidative stress. 36 Oxidative stress is considered as the major reason for many metabolic disorders. [37] [38] [39] In addition, an immediate effect of irradiation was seen in the down-regulation of the expression of many structural proteins of the cytoskeleton and connective tissue (plectin, catenin, decorin, collagen, desmin, tropomyosin). The levels of desmin, and tropomyosin-1 were found to be down- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 14 regulated using both proteomics and immunoblotting. In hepatocytes, tropomyosin plays a role in stabilizing actin filaments. 40 The expression of desmin has been exclusively associated to hepatic stellate cells in the liver. 41 These changes indicate a rapid radiation-induced proteomic remodeling of the liver tissue.
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Late PPAR alpha-mediated metabolic alterations after low to moderate radiation doses
Based on our proteomics data seven months post-irradiation PPAR alpha was predicted as deactivated, as the expression of many of the target enzymes in the lipid metabolism such as ACOX1
and ACAA1 were down-regulated whilst inflammatory response proteins such as fibrinogens and hemopexin were found up-regulated ( Figure 2 ). Therefore, we measured the activity of PPAR alpha using nuclear extracts, and found a clear decrease in the PPAR alpha activity in the irradiated livers, even at a dose as low as 0.1 Gy ( Figure 5A ). The deactivation of PPAR alpha can be accomplished by both ligand-dependent and ligand-independent mechanisms. 42, 43 Unlike in the heart, 16 we did not find changes in the total or phosphorylated form of PPAR alpha in the irradiated liver (data not shown). Instead, persistent increase in oxidative stress may contribute to the deactivation of PPAR alpha as suggested by Azimzadeh et al. 17 One of the hallmarks of inactivated PPAR alpha is its inability to use free fatty acids (FFA) for energy production. 44 In accordance with this we found elevated levels of FFA in the serum of irradiated animals (0.5 and 1.0 Gy) ( Figure. 5B and 5C ). In contrast, serum triglyceride (TG) levels in the irradiated mice were found decreased. The decreased levels of serum TG may result from the increased cardiac PPAR alpha activity in these animals, 16 as overexpression of PPAR alpha in the heart induces triglyceride accumulation in cardiomyocytes. 16, 45 Our results and previous data suggest that there is an intensive crosstalk between heart and liver, especially in the neonatal phase.
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Late increase in the level of cytochrome CYP450 enzymes in irradiated liver
Cytochrome P450 is a large and diverse group of enzymes that catalyze the oxidation of organic substances. We found up-regulation of several types of CYP450 but especially Cyp2E1 that was 47 It has been demonstrated that in conditions with increased oxidative stress Cyp2E1 plays an important role in the induction of mitochondrial dysfunction.
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CONCLUSIONS
These data suggest a long-term radiation-induced but dose-dependent inactivation of transcription factor PPAR alpha in liver, associated with mitochondrial dysfunction and increased oxidative stress.
Total body radiation doses as low as 0.1 Gy given to neonatal mice resulted in both immediate and persistent adverse effects on the metabolic pathways. Although doses lower than 0.1 Gy caused long-term alterations in the liver proteome, these very low doses did not result in significant changes in any of the functional assays performed in this study. In contrast, exposure to the dose of 0.5 Gy resulted in alterations in all endpoints that were investigated. Although "absence of evidence is not evidence of absence" it must be concluded that this study gives no support to long-term liver damage at doses lower than 0.1 Gy in a mouse model. Together with our previous data on the cardiac effects in these animals these results underscore the importance of systemic effects after low radiation doses relevant in environmental exposure situations.
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Supplementary Table and Figure Legends
Supplementary Table S1 (a-d). Significantly deregulated proteins in irradiated samples (Postnatal day
11)
Supplementary Table S2 (a-d). Significantly deregulated proteins in irradiated samples (7 months post-irradiation).
Supplementary Table S3 . All peptides identified and quantified after high confidence peptide filtering (a-d) after day 1.
Supplementary Table S4 . All peptides identified and quantified after high confidence peptide filtering 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
ACS Paragon Plus Environment
Journal of Proteome Research   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
Journal of Proteome Research   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 25 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 70x50mm (300 x 300 DPI)
Page 31 of 31
Journal of Proteome Research   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
